Background {#Sec1}
==========

Evidence of delayed response or disease progression before response (i.e. pseudo-progression) has been seen with immunotherapies.^[@CR1]--[@CR3]^ Increases in baseline lesions may be attributed to T-cell infiltration rather than tumour cell proliferation,^[@CR1]^ resulting in increased tumour size that is not truly tumour growth. Because of this observation, the immune-related response criteria (irRC)^[@CR1]^ are frequently used to measure response in lieu of Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.^[@CR4]^ Talimogene laherparepvec (T-VEC) monotherapy has also been shown to induce perceived tumour progression before response using RECIST version 1.1 criteria.^[@CR5]^

Improvements in overall response rates and in lesion-level response rates were observed with T-VEC administered in combination with other therapies.^[@CR6],[@CR7]^ In a randomised trial, T-VEC plus ipilimumab resulted in a significantly higher objective response rate (ORR) versus ipilimumab alone (odds ratio, 2.9; 95% Cl, 1.5--5.5; *P* = 0.002) in 198 patients with metastatic unresectable melanoma.^[@CR7]^ Similarly, the phase 1 MASTERKEY-265 trial of T-VEC plus pembrolizumab resulted in a confirmed ORR (rate of complete or partial response) of 61.9% (95% CI, 38.4--81.9%) and a complete response (CR) rate of 33.3% (95% CI, 14.6--57.0%) in 21 patients with advanced melanoma.^[@CR6]^

To better define clinically meaningful response patterns in patients receiving T-VEC with an immune checkpoint inhibitor, this exploratory analysis evaluated patterns of response in patients with melanoma enrolled in the phase 2 study (ClinicalTrials.gov identifier, NCT01740297) of T-VEC plus ipilimumab versus ipilimumab alone.

Methods {#Sec2}
=======

Patients and study design {#Sec3}
-------------------------

The primary analysis of this phase 2, randomised, open-label study has been previously reported.^[@CR7]^ In the analysis reported here, patients with an objective response were evaluated for pseudo-progression. Patients were randomised (1:1) to receive T-VEC plus ipilimumab or ipilimumab (Fig. [S1](#MOESM1){ref-type="media"})^[@CR7]^ and stratified by disease stage (stage IIIB/IIIC/IVM1a versus IVM1b/IVM1c) and previous therapy (treatment-naive; previous systemic anticancer immunotherapy; systemic anticancer treatment other than immunotherapy).^[@CR7]^ Study procedures were approved by institutional review boards/ethics committees; patients provided informed consent. Additional details are provided in Supplement.

Assessments {#Sec4}
-----------

Tumour response was assessed at baseline and every 12 weeks after treatment initiation using irRC until documentation of confirmed disease progression, determined as a repeat, consecutive disease progression ≥4 weeks after initial disease progression. Additional details are provided in Supplement.

Statistical analysis {#Sec5}
--------------------

Study weeks were calculated from date of randomisation. Pseudo-progression was defined as disease progression before patient response; however, a confirmation for disease progression per the irRC was not required. Patients with pseudo-progression were further classified according to whether the pseudo-progression was caused by an increase in existing lesions or the development of new measurable lesions.

Patients without pseudo-progression were classified according to whether they responded within 6 months (≤183 days) or after 6 months (\>183 days) following treatment start. Timing of response onset was calculated as the date of response onset minus the date of first dose plus one day.

Results {#Sec6}
=======

Patients {#Sec7}
--------

Of 198 patients enrolled (T-VEC plus ipilimumab, *n* = 98; ipilimumab alone, *n* = 100), 56 (28%) had a confirmed objective response (T-VEC plus ipilimumab, *n* = 38 \[39%\]; ipilimumab, *n* = 18 \[18%\]; Fig. [1](#Fig1){ref-type="fig"}) and were included in the patterns of response analysis. Patient demographics and baseline clinical characteristics for patients with an objective response are shown in Table [S1](#MOESM1){ref-type="media"}Fig. 1Patient incidence of pseudo-progression. OR objective response.

Patterns of response {#Sec8}
--------------------

Seven responders (18%) in the T-VEC plus ipilimumab arm and one responder (6%) in the ipilimumab alone arm had pseudo-progression (Table [S2](#MOESM1){ref-type="media"}). Most cases of pseudo-progression were observed at the first tumour assessment at week 12 (*n* = 7/8; 88%). Of the eight patients with pseudo-progression, six experienced progression due to an increase in the size of existing lesions (T-VEC plus ipilimumab, *n* = 5; ipilimumab, *n* = 1; Fig. [S2A](#MOESM1){ref-type="media"}, Fig. [S2B](#MOESM1){ref-type="media"}), and two experienced progression due to the development of new measurable lesions leading to a total burden increase exceeding the 25% threshold for disease progression (T-VEC plus ipilimumab, *n* = 2; Fig. [S2C](#MOESM1){ref-type="media"}). For all patients with pseudo-progression, median (range) duration of response (DOR) was 36.5 (12.0--123.7) weeks; median (range) DOR was 36.1 (12.0--101.0) weeks for T-VEC plus ipilimumab and 123.7 weeks for the patient in the ipilimumab arm. The patient in the ipilimumab arm received treatment for \~2 months and then underwent on-protocol surgery 2 months later. No subsequent anticancer therapy was received after surgery.

Forty-eight patients responded without pseudo-progression; 46 (96%) had an objective response within 6 months (T-VEC plus ipilimumab, *n* = 30; ipilimumab, *n* = 16; Fig. [S3A](#MOESM1){ref-type="media"}, [S3B](#MOESM1){ref-type="media"}) and two (4%) had an objective response after 6 months (T-VEC plus ipilimumab, *n* = 1; ipilimumab, *n* = 1; Fig. [S3C](#MOESM1){ref-type="media"}, [S3D](#MOESM1){ref-type="media"}). For these 46 patients, median (range) DOR was 47.9 (4.3--136.1) weeks; median (range) DOR was 49.0 (4.3--136.1) weeks for T-VEC plus ipilimumab and 46.7 (12.3--129.0) for ipilimumab alone. Patient response images are depicted in the Supplement (Fig. [S4](#MOESM1){ref-type="media"}).

Discussion {#Sec9}
==========

From our analysis, we identified 18% of patients receiving T-VEC plus ipilimumab and 6% of patients receiving ipilimumab alone who had pseudo-progression and eventually achieved a response. The incidence of pseudo-progression was higher in the combination arm and was associated with a higher ORR versus the control arm, 39% versus 18%, respectively. Because 18% of patients in the combination arm experienced pseudo-progression, we believe that T-VEC plus immune checkpoint inhibitors should be administered even in the setting of signs of progression to provide patients with the greatest opportunity to respond.

The incidence of pseudo-progression with T-VEC plus ipilimumab (18%) in our study was lower than observed with T-VEC monotherapy in OPTiM (48%),^[@CR5]^ but higher than rates reported with other checkpoint inhibitor monotherapies (ipilimumab, 10%; pembrolizumab, 7%).^[@CR1],[@CR3]^ Pseudo-progression rates in this study were higher than seen in an ipilimumab-nivolumab combination study^[@CR8]^ and comparable to those observed in previous immunotherapy trials.^[@CR1]--[@CR3]^ DOR in this analysis was longer for patients without pseudo-progression versus those with pseudo-progression; median DOR was not reached for either group in the T-VEC monotherapy study.^[@CR5]^ In most instances, pseudo-progression developed before week 12; however, cases of delayed pseudo-progression (e.g. after week 12) also occurred in this study (one of eight responders; 13%) and in previous trials.^[@CR1],[@CR3]^ The timing of pseudo-progression does not appear to affect treatment response after progression.^[@CR1],[@CR3]^ These data indicate that pseudo-progression is common with immune checkpoint inhibitor therapies, T-VEC, and T-VEC plus ipilimumab. Oncologists who administer these agents should be aware of this likely immune-mediated phenomenon and consider continuing treatment for ≥3 months assuming no clinical deterioration is observed.

In this analysis, \~15% of patients with an objective response overall had pseudo-progression, mostly due to an increase in existing lesion size. Because of this apparent tumour enlargement, RECIST version 1.1 (a ≥30% decrease in tumour burden measured in one dimension, longest diameter versus baseline^[@CR4]^ would have captured this pseudo-progression as true progression; and the eight patients with pseudo-progression would likely have stopped T-VEC prematurely and their ultimate objective response would not have occurred. Thus, the data reported in this trial encourage the continued use of the revised irRC for evaluating immunotherapies and support the additional monitoring and treatment of patients through initial tumour progression.

Overall, these findings support the continued use of T-VEC, particularly when administered in combination with ipilimumab, through initial tumour progression in patients with melanoma, and use of irRC when evaluating response to immunotherapies to make the right treatment decisions for patients receiving chronic or maintenance administration of T-VEC and/or immune checkpoint inhibitors.
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